Effect of dihydropyrazines on human hepatoma HepG2 cells: a comparative study using 2,3-dihydro-5,6-dimethylpyrazine and 3-hydro-2,2,5,6-tetramethylpyrazine.
Dihydropyrazines (DHPs) are glycation products that are nonenzymatically generated in vivo and in food. In this study, we compared the effects of 2,3-dihydro-5,6-dimethylpyrazine (DHP-1), a low toxicity DHP, and 3-hydro-2,2,5,6-tetramethylpyrazine (DHP-3), a high toxicity DHP on the redox indices in HepG2 cells. An apparent increase in intracellular hydrogen peroxide concentration was observed at 24 hr after 1 mM DHP-3 treatment. In addition, DHP-3 exposure significantly increased the mRNA levels of heme oxygenase-1 (HO-1) and glutamate cysteine ligase catalytic subunit (GCLC), which are stress-responsive genes, at 6 hr (HO-1 and GCLC), 12 hr (HO-1 and GCLC) and 24 hr (GCLC) after exposure. These indices, with the exception of the increase in GCLC mRNA after a 6 hr exposure, were not affected by treatment with 1 mM DHP-1. HO-1, GCLC, and nuclear factor erythroid 2-related factor 2 (Nrf2) protein levels also increased at 6 hr (Nrf2), 12 hr (Nrf2, HO-1 and GCLC) and 24 hr (GCLC) after DHP-3 treatment. The increase in HO-1 and Nrf2 protein levels were observed with lower concentration (0.5 mM) of DHP-3, and in agreement with this, antioxidant responsive element-luciferase reporter activity was significantly increased with exposure to at least 0.5 mM DHP-3. These results support our previous report establishing that oxidative stress is in part involved in the effects of DHP on mammalian cells. Additionally, our results suggest that the cell response to DHP-3 exposure was exerted via the activation of the Nrf2-ARE signal pathway.